D uring evolution, all vertebrates have been exposed to multiple waves of crossspecies infection by retroviruses. A number of defensive strategies have developed, among them the spontaneous expression, throughout the body, of restriction factors, antiviral proteins that will bind to the capsid (CA) protein of incoming virions and interfere with virus replication (1) . One example of such a protein is TRIM5␣, first described in 2004, that provides species-specific retrovirus restriction and can prevent HIV-1 infection (2). TRIM5␣ can block retrovirus replication either before or after reverse transcription seemingly dependent on proteasome engagement (3). It comprises an N-terminal RBCC domain made up of RING (R), B-box (B), and coiled-coil (CC) modules and a Cterminal B30.2 domain (4). The B30.2 domain mediates virus binding and determines which viruses a given TRIM5␣ will restrict, whereas the RBCC domain is important for TRIM5␣ multimerization and appears responsible for communicating with the proteasome. Shortly after the initial description of Trim5␣, a novel restriction protein was reported in Aotus trivirgatus (owl monkey). Insertion of a cyclophilin A (CypA) pseudogene between exons 7 and 8 of the TRIM5 gene resulted in formation of a fusion protein where the CypA has replaced the B30.2 domain (5, 6). Because CypA can bind CA from various lentiviruses (7), this fusion protein can act as a restriction factor for a number of viruses including HIV-1. Remarkably, it now appears that the owl monkey fusion protein is not unique. Three articles in this issue of PNAS, by Wilson et al. (8) , Virgen et al. (9) , and Brennan et al. (10) , and two articles published elsewhere (11, 12) provide a description of the second, independent case of the generation of a Trim5CypA fusion protein.
A Second Fusion Event
This second chimeric gene, which we will refer to as Trim5CypA2, was identified in three different species of macaque monkeys, Macaca mulatta (rhesus macaque) (8, 11) , Macaca nemestrina (pig-tailed macaque) (9) (10) (11) (12) , and Macaca fascicularis (long-tailed or crabeating or cynomolgus macaque) (10) . Like Trim5CypA1 from Aotus, Trim5CypA2 appears to have been generated by LINE element-mediated insertion (13) of a CypA pseudogene within the TRIM5 locus. However, the pseudogenes are found at two different locations; in Trim5CypA1 it lies between TRIM5 exons 7 and 8, whereas in Trim5CypA2 it is present in the untranslated region of exon 8 (Fig. 1A) . It was present, in homozygous form, in Ͼ20 pig-tailed macaques and in both of the cynomolgus macaques examined. By contrast, it represents one of seven Trim5 alleles found in rhesus macaques (8, 14) . Interestingly, it appears to be present in Indian (allele frequency 25%) but absent in Chinese rhesus macaques (8) . The inheritance of Trim5CypA2 might prove a useful tool for examining unresolved issues regarding the evolution of different macaque species (15) .
Trim5CypA1 is translated from mRNA formed by splicing from the end of TRIM5 exon 7 to a splice acceptor found in the CypA insertion just upstream of the CypA coding sequences, whereas the Trim5CypA2 mRNA is formed by joining the end of TRIM5 exon 6 to the CypA splice acceptor site (Fig. 1 A) . A SNP inactivating the exon 7 splice acceptor cosegregates with the retrotransposed CypA sequences in Trim5CypA2 (8, 11) , presumably resulting in increased splicing to CypA. However, we cannot be certain whether this SNP occurred before or after CypA insertion.
Surprisingly, the Trim5CypA2 gene product, unlike that from Trim5CypA1, does not inhibit HIV-1 replication. It is therefore possible that macaques in which Trim5CypA2 has replaced TRIM5␣ might provide useful systems for studies involving HIV-1 growth. However, Trim5CypA2 clearly has restriction activity because it can block infection by HIV-2, simian immunodeficiency virus (SIV) AGM tan, and feline immunodeficiency virus (FIV) (8, 9) . This difference in restriction properties results from a point mutation leading to an H69R change in the CypA domain (Fig. 1B) (9) . Like the Trim5CypA1 protein and Trim5␣, the Trim5CypA2 gene product appears to block virus replication before reverse transcription of viral RNA in a proteasome-dependent fashion; as with the other factors, blocking proteasome function with MG132 leads to the nonproductive accumulation of nonintegrated viral DNA (8) . Restriction of HIV-2 and SIV AGM tan by the Trim5CypA2 gene product can be completely inhibited by treatment of cell cultures with the CypA binding drug, cyclosporine A, indicating a direct interaction between the Trim5CypA2 protein and CA (9) (8). By contrast, cyclosporine A only partially reverses Trim5CypA2 inhibition of FIV replication, most likely because the H69R change increases the affinity for the FIV CA protein.
Random or Predictable Evolution?
The description of the original Trim5CypA fusion was greeted with considerable surprise. Reports of a second case of exon shuffling involving the same gene parents prompt a closer examination of whether twice is just a coincidence or really part of a pattern that will be confirmed by the identification of further hybrids. It may be instructive to consider the example of retroviral vectors designed for gene finding. Basic features include a system for highfrequency insertion into chromosomes, an efficient splice acceptor system to join genes, a polyadenylation signal to stabilize transcripts, and a selectable/ visible marker gene to detect gene splicing (16) . CypA can provide all of these properties. Database mining reveals that CypA is one of the most common pseudogenes, implying that retrotransposition of this sequence can occur at high frequency (17) . In addition, a splice acceptor signal is found just upstream of the CypA ORF, and a polyadenylation signal is found downstream (Fig. 1B) . Further, resistance to retroviral infection could clearly provide a strong evolutionary advantage allowing selection of fusion genes incorporating CypA in a fashion leading to retrovirus restriction. Multimerizing CypA moieties by fusion to other Trim genes or the murine Fv1 gene in vitro has been shown to generate novel restriction factors (18, 19) , so the choice of the upstream partner would appear more flexible. However, fusion to Trim5 may give a more efficient restriction factor perhaps because of proteasome recruitment. Alternatively, Trim5 may be truly dispensable for normal cell physiology, allowing gene fusions at little cost to the organism, unlike other members of the Trim family.
Although we have no way of knowing which retrovirus provided the selective forces in Aotus or Macaca for Trim5CypA1 or Trim5CypA2, selection certainly seems to have occurred, because all 10 species of owl monkey have Trim5CypA1 (20) and members of three of the major groups (15) 
